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(54) Method and arrangement in a network repeater for automatically changing link speed 

^(57) A network repeater having a plurality of 
repeater ports selectively establishes links with remote 

.fiodes at one of two data rates based on the capabilities . 
ibf the remote network node and a determined link integ- 
rity. A network repeater establishes a link with a network 
node using auto*negottation techniques to estat)!ish a 
.100 Mb/s link. The network repeater than monitors the 
link for symbol errors, and determines an integrity of the 
link based on a detected number of symk^ol errors rela- 
tive to a prescribed threshold, tf the detected nurr^er of 
symbol errors reaches the prescribed threshold, indicat- 
ing poor link integrity due to poor cable connection or 
condition, faulty network device, etc.. the network 
repeata* performs a down shifting operation by breaking 
the established 1 00 Mb/s linK and restarting auto-nego- 
tiation to establish a 10 Mb/s link IHence, the network 
repeater may monitor high-speed links for link integrity, 
and selectively downshift a link encountering a sii)stan- 
tial number of errors to a reduced data rate, without a 
necessity of a network manager or other remote man- 
agement function. 
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[0002] Network repeaters are typically used to connect between network nodes, for exanrple network stations serving 
as data terminal equipment (DTE) on different network media. Repeaters provide the advantage of extending the phys- 
ical distance between network nodes by reca ving a data packet from one network medium, reconditiorang the physical 
signal and outputting the data packet to a socond netyvork medium. The repeater may ateo .fonfl/and earner sense and 
collision signals, effectively extending the collision domain of one medium onto the second medium. 
[00031 Repeaters interconnecting network nodes on different network media have conventionally been configured to 
connect only networks operating at the same transmission rate. One prot)!em encountered in higher-speed networks, 
for example 1 00 Mb/s WEE 802.3 networks, is the identification of a linfc between the network repeater and a remote 
network node on one of the network repeater .porte, having a poor level of Integrity. In particular, there is a need to dis- 
cover links between a r^eater port and a network node that are. not performing up to specifications, for example due 
. to a poor cable connection or condition, a faulty network interface device at the remote node, etc. 
[0004] One proposal for handling link failure is by using network management capabilities, for example, a remote man- 
agement function (i.e., network manager) configured for monitoring and controlling operations of the repeater and the 
network nodes. For example, a remote numagement technique may use a management protocd to transmit manage- 
ment information between tiie repeater and the network manager. However, such an anrangement necessarily relies on 
a management function, and hence is inapplicable in unmanaged network. Moreover, the monitoring of links by a cen- 
tralized network manager requires that each unit to be managed incorporate a function to handle the nnanagement pro- 
tocol (an agent) increasing the complexity and processing requirements of the managed unit. e.g. a repeater. 
[0005] There is a need for an anangement for interconnection of different speed network nodes using a repeaters, 
where the link integrity between a repeater and the network nodes can.be t^lat^y monitored yvnhoai the necessity of a 
network manager. 
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[0008] According to one aspect of the present invention, . a method in network equipment includes establishing a link 
with a remote network node at a prescribed data rate via a network medium, monitoring the link by counting a detected 
number of symbol en-ors, and determining an integrity of the link baised on the detected number of symbol errors rela- 
tive to a prescribed threshold. Monitoring the link by counting a detected number of symbol errors enables the netvrark 
repeats to determine the link integrity of each network repeater port in a relatively simple manner without the necessity 
of an external management function such as a network nrianager. Moreover, monitoring of the link by counting the 
detected number of symbol en-ors enables tiie network repeater to determine the Integrity of the link with rriinimal com- 
plexity, minimizing the processing burdens normally encountered during network monitoring. 
[0009] A preferred feature of this aspect includes selectivdy redudng the data rate on the network medium to a 
reduced data rate in response to tiie number of symbol enrors exceeding prescribed threshold. Hence tfie network 
repeater, upon detecting that the number of symbol en-ors exceeds the prescribed threshold, may reduce the data rate 
on the identified link in an effort to provide a more reliable link that has a reduced number of symbol errors occurring 
relative to the link having the higher data rate. 

[0010] Another aspect of the present invention provides a network repeater having a plurality of repeater ports, con- 
figured for sending and receiving data packets between remote network nodes via respective network media. The net- 
work repeater includes a first repeater for sending and receiving data packets between a first group of the repeater 
ports according to a first data rate. The network repeater also includes a second repeater core configured for sending 
and receiving data packets between a second group of the repeater ports according to a second data rate slower than 
the first data rate. An auto-negotiation unit is configured for selecting one of the first and second data rates for estab- 
lishment of links between the repeater ports and the respective remote network nodes via the respective network 
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media A symbd error detector is configured for detecting a number of syntbol errors relative to a prescribed time inter- 
val on at least one of the links operating at the first data rate. The repeater also Includes a controller configured for 
selectively changinglhe^Vleast one link f rorn the first data rate to the second data rate bas«J on the number of symbol 
eYrtili reaching a pfesciribed threshold. The symbol error detector can detect the nunnber of symbol errors on at least 
one fink; enabling nionitoring of each link without the necessity of an external management function. I^oreover, the con- 
troller may enable the' firik to be reduced to a lower speed in the event that a higher number of symbol errors are 
detected, eliminating the necessity of an external management function to monitor link integrity or (execute more com- 
plex routines in an effort to overcome poor link integrity cohditibri^^ 

[0011] Additional advaritages and novel ifeatures of the invention will be set forth in part in the description whidi fol- 
lows, and in part will become apparent to those skilled in the jart upon examination.of the following or may be learned 
by practice of the irtverition: The advantages of the invention may be realized and attained by means of the instrumen- 
talities and combinations particularly pointed out in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[00121 Reference is made to the attached drawings, wherein elements having the same reference number designa- 
tions' represent like elements throughout and wherein: 

Rg. 1 is a ialock diagram of a network repeater according to an embodiment of the present invention. 

Fig! 2 is a flow diagram illustrating the method in the network repeater of controlling Uarlsmissions according to an 

embodiment of the present invention. 

[001 3] Fig. 1 is a block diagram of 'a network repeater 1 0 configured for transmitting data packets between remote 
network nodes 12 according to an embodiment of the preseiit invention. The r^eater 10 is a fully integrated muttiple 
port r^eatef that can operate at both" 10 Mbfs and 100 Mh/s. In particular, the repeater 10 includes four repeater ports 
14 that transmit and receive data packets with the respective remote network nodes 12 aoconding to IEEE 802.3 proto- 
col. Each repeater port 14 establishes a link with the cdrriesponding network node ^2 at a prescribed data rate (e.g.. 10 
MWs or 100 Mb/s) via a network medium 16. for example as category 3 unshielded twisted pair (UTP) or category 5 
UTP cable: As d^cn*bed beldw. each repeater jtort '14 configures to the speed of the remote network 

nod^ 12 lisiiig auto-negoti^^^^^^ protocols. As recoghiied in the art, the 10-BASE-T protocol specifies transmitting 
Ethernet (IEEE 802,3) data packets at iO Mb^ over two twisted pairs UTP wiring, where the maximum cable segment 
distance is 100 meters from the node 12 to the repeaterib: The 100 BASE-TX standard specifies transmission of 
■'• Ethernet (IEEE BQ22) data packets at 100 Mb/s over Wo pairs of category 5 UTP wiring, where the maximum cable, 
segmertt dstance 100 meters from me node I'^to 

[0014] As described belowi the repeater 10 also includes a 10 Mh/s back plane 18 and a 100 Mb/s back plane 20, 
enabling the repeater 10 to be connected to other similar repeaters, effectively fonning a large port-count repeater. 
[0015] The repeater 10 also includes a lOMki/s repeater core 22 and a 100 I^b/s repeater core 24. The repeater cores 
22 and 24 are configured for sending and receiving data packets between sheeted repeater ports according to the 
respective data rates. In particular, the repeater 10 includes a port switching and steering interface 26 configured for 
selectively connecting each network port 14 to one of the repealer cores 22 or 24 based on the corresponding link 
speed of the repeater port 14. For example, if the repeater port 14a is configured for sending and receiving data packets 
via medium 16a at the link speed of 10 f^Ab/s. the port switching and steering interface 26 connects the repeater port 
14a to the Theater core 22. Similarly, if the repeater port 14b is configured for sending arid receiving data packets on 
the medium 1 6b at the link speed of 100 Mb/s. the port switching and steering interface 26 connects the repeater port 
14b to the 100 Mb/s repeater core 24. The port switching and steering interface 26 may be implemented as a plurality 
of multiplexers that selectively connect each port 1 4 to the appropriate repeater core 22 or 24 depending on the deter- 
mined link speed for the corresponding repeater port 1 4. 

[0016] The repeater cores 22 and 24 are implemented as state machines configured for operation compliant with 
IEEE 802 3 Section 9 and Section 27, respectively In particular, the 10 Mb/s repeater state machine 22 is configured 
such that all repeater ports 14 operating in the 10 Mb/s collision domain, within the repeater 10 or via a 10 Mb/s expan- 
sion bus coupled to the back plane 18. form a single repeater that is compliant witii IEEE 802.3 Section 9. If any single 
port 1 4 connected to the 1 0 Mb/s repeater state machine 22 sens -s tiie start of a valid packet, the repeater core 22 will 
retransmit the received packet on all the other ports connected to the core 22 unless a collision is detected. The 
repeater core 22 also supplies the packet to the 1 0 Mb/s expansion bijs coupled to the backplane 1 8 to facilitate designs 
using multiple repeaters 10. When retransmiting a packet, the repeater core 22 ensures that the outgoing packets com- 
ply with IEEE 802.3 signal amplitude, symmetry, and jitter requirements based on a clock that is internal to the repeater 
10. In addition, the repeater core 22 will ensure that the preamble will have a minimum of 56 bits before the start of 
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[001 7] The repeater core 22 also detects and; responds to collision conditions on all ports connected to the repeater 
core 22 as specified in IEEE 802.3. Sections, induding collision conditions detected via the back plane 18. 
[001 8] Other recognized f unctipns are performed by the repeater core 22 to ensure.reliable transfer of data in the 1 0 
Mb/s collision domain for example fragment extension and auto-partition/recognition; - - - . 
[0019] The 100 l^b/s repeater core 24 is implemented as a state machine configured such that all ports operating in 
the 100 Mb/s collision domain in the repeater 10, or via the 100 Mb/s tackplane 20, form a single repeater that is com- 
pliant to IEEE 802.3U Section 27. In particular, if any port 14 connected to the 100 Mb/s core 24 senses the start of a 
valid packet the repeater core 24 will transmit the received pad<el on all the other connected ports unless a collision is 
detected. The repeated data is also supplied to the backplane 20 for transmission to other repeaters connected to the 
backplane 20. As described above, the 100 Mb/s repeater core 24 ensures that the outgoing pad<et on a transmit port 
complies with the IEEE 802,3u (Sections 24. 25 and 27) signal amplitude, symmetry, and jitter requirements. The trans- 
mitted signal is. also retimed by an internal dock. Other recognized functions are performed by the repeater core 24 to 
ensure reliable transfer of data in ^e lOOMb/s collision domain. 
[0Sc5^^^^t6P:^0 alsoJnd^^^ 
_gfnie auto-ne^tiatidn-uhit^O'performs-a^^^ in EEE 802,3 Section 28. The auto-negotiation 

unit 30 uses auto-negotiation protocol to establish a link between each repeater port 14 in the corresponding node 12 
according to a selected data rate based upon the capabilities of the corresponcSng node 12. For example, if the remote 
node 1 2a is capable of transmitting at 1 00 Mb/s, the auto-negotiation unit 30 establishes the link between the repeater 
port i4a and the remote networit node 12a at a 100 Mb/s.dala rate (100 BASE-TX). However, if the remote node 12a 
is not able to send and receive data packets at 100 Mb/s. the auto-negotiation unit 30 establishes the link between the 
repeater port 14a and remote node 12a via the network niedium 16a at 10 Mb/s (10 BASE-T). In particular, the auto- 
negotiation unit 30 uses a burst of link pulses referred to as fast link pulses (FLPs), that are spaced fcietween 55 micro- 
seconds and 100 140 microseconds so as to be ignored by a standard 10 BASE-T receiver. The FLP burst contains 
infonnatioh about the capabilities of the transmitting device namely the repeater port 14. The remote network node 12 
capable of 100 Mb/s transmission and reception decodes the FLP burst to learn about the capabilities of the transmit- 
ting device 14. 



jWnanagemei 

14 arid the remote network nodes 12 from the 100 Mbfe datfi rate tpthe 10 Mb/s data. rate based on. a-detected reduc- 
tion in the link integrity. Specifically, the link controller 34 is cpnfigured.for detecting and connecting for excessive error 
rate In the 100 Mh/s links, for exarnple due to faulty cabling, or. equipment The integrity of each 100 Mb/$ link is deter- 
mined by perfonning a high-speed link Integrity, cheeky on;.each 100 Mb/s link. Specifically, each repeater port 14 
indudes a 1 0 Mb/s physical layer transceiver 42, a 1 00 Mb/s physical layer transceiver 44. plus, a symbol error detector 
46. a counter 48 and a timer 54. The symtjol error detector 46 is configured for detecting a number of symbol errors on 
the cbn-esponding link when the repe^er port 14 uses.the 100 Mtj/s transceiver 44 operating at the 100 Mb/s data rate 
according to the symbol definitions of Table 1. 




TABLE 1 



Symbol Definitions 


Symbol (HEX) 


NRZ 


4b/5b 


Interpretation 


0 


0000 


11110 


Data 0 


.1 


0001 


01001 


Data 1 


2 


0010 . 


10100 


Data 2 


3 


0011 


10101 


Data 3 


4 


0100 


01010 


Data 4 


5 


0101 


01011 


Data 5 


.6 


0110 


01110 


Data 6 


7 


0111 


01111 


Data? 


8 


1000 


10010 


Data 8 
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E 


4 4 HA 
1 110 


i H ^ AA 

moo 




. F 


4 4 H 4 

1111 


i -1 1 A1 ' 

1 1101 


Uata r 


iciie 




1111 i 

1 1 1 1 1 


Idle Svmbol 


J 


0101 


11000 


Start of Stream Delimiter: 1 of 2 


K 


0101 


10001 


Start of Stream Delimiter: 2 of 2 


T 


Undefined 


01101 . 


End of Stream Delimiter: 1 of 2 


R 


Undefined 


00111 


End of Stream Delimiter: 2 of 2 


H 


Undefined 


00100 


Error Bit 



[0Qi23] The counter 48 may be configured for incrementing or decrementing (depending on the embodiment) a counter 
value in response to each of the detected symbol enors from the PHY 44. As described below, the link controller mon^ 
itofs the link by counting the detected number of symbol enrors for each port 1 4, and determines the integrity of the link 
based on the detected number of symtx)! enors relative to a prescribed threshold. If the detected number of symbol 
errofs reaches the prescribed threshold relative to a^ prescribed time interval, the link controller 34 selectively reduces 
the data rate on the corresponding network medium 16-to the reduced 10 Mh/s data rate by breaking the link aind per- 
forming auto-negotiation by^advertising that the oonesporidihg' repeater port 14 is only capable of 10 Mb/is operation. 
■ Hence; a second linKis established at the 10 Mb/s data rate, reducing the probabilities of symbol enors. 
[0024] As showri in Rgure 1 . the link controller '341ndudes a*table' 50 and a selector circuit 52. The table 50 stores a 
plurality of availiable thresholds, and the selector 'circuil 52 selects one of the available threshokJs as the prescribed 
threshold corresponding to an unacceptable syrrtol error rite based on a selectiori signal from the management con- 
trol logic 32 or by some other means allowing a threshold to be selected in a system without management. Hence, the 
repeater 10 may be initially programmed with a plurality of thresholds stored iri table 50. and a configuration register 
may also be programmed for selecting one of the threshoWs, as well as the selected enabling of the downshift operation 
on a per-port basis. 

[0025] Rgure 2 is a diagram illustrating a method for controlling transmission by monitoring link integrity and selec- 
tively reducing the data transmission rate on a repeater port 14 having a link with a detected number of symbol errors 
reaching a prescribed threshold. Figure 2 only illustrates the process for one port. In any multiport repeater such as the 
one shown in Rgure 1 each port will have its own set of processes, and all processes will ain simultaneously. 
[0026] The process for one port starts at step 59. when certain register bits are set to advertise that this port (e.g.. 
14a) is capable of 100 f^bps operation. 

[0027] In step 60 the error counter 48 is preset to a threshold value determined by the select circuit 52. The timer 54 
is set to a value which will result in the desired sanipling irrten^. Auto-Negotiation is then started following the rules of 
IEEE 802.3U. 

[0028] In step 61 it is determined whether a successful link has been established at 100 Mbps. If yes. processes 72 
and 64 are both started simultaneously. If no. the link is set to 10 Mbps in step 62 and the port will attempt to establish 
a link at that speed. If it is immediately successful in establishing link at 10 Mbps it proceeds to step 63. in which it con- 
tinuously monitors the link for any changing status. If no link is detected, it also proceeds to step 63 in which it monitors 
for any sign of link being established. In either case any change of status (from good link at 10 Mbps to no link, or from 
no link to link established) will cause a return to step 59. 

[0029] Steps 64. 72, 74 and 76 are attempts to illustrate the different aspects of one process. The interval timer 54 
counts down at a constant rate, until it reaches 0. At the same time, the en-or monitor 46 continuously monitors the input 
symbol stream, and decrements counter 48 once for each symbol enor detected. Coincident with these processes the 
link status is tested as shown with step 74. following the same rules as step 63. 
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[0030] When the timer 54 reaphes Q (step 76) the yalue.gf the ^rror counter 48 is tested 35 ^shown. in step 78. If the 
value of the counter is greater than zero, the system (e.g.. link controller 34) considers that the enor rate has been 
acceptable. K proceeds to step 80. where the counter and timer are reset and the monitoring cycle is re-^rted by 
retuming to steps 72 and 64. , . , 

5 [0031 ] tf the value of the error counter has fallen to 0 this shows that an unacceptable number of errors have occurred 
during the sampling interval. The system proceeds to step 82, when the register bits refened to in step 59 are reset to 
advertise that this port is only capable of 10 Mbps operation. 
[0032] The system then moves to step 62, and attempts to operate in 10 Mbps rhode. 

[0033] According to the disclosed embodiment, 100 Mb/s data links can be easily monitored to determine whether 
10 link integrity is not performing to required specifications, for example, due to bad cable or poorty-perfomiing hardware 
circuitry, etc. The disclosed arrangement elin^nates the requirements for a renru)te network mianager 40 to cpntinually 
monitor the link status for each of the network ports. Moreover, the link controller, upon detecting the symbol error rate 
reaching a presaibed threshold, effectively downshifts the conesponding repeater port by breaking the link and estab- 
lishirig a new link at the reduced data rate. 
15 [0034] Although the disclosed arrangement describes a single link controller 34 serving each of the repeater, ports 
1 4, and link controller 34 may alternately bQ implemented in each of the repeater ports 14, such that each repeater port 
14 is capable of independently monitoring and controlling its own link t>ased on detected symbol error rates. Alterna- 
tively, the symbol en'or detectors, couriters, and timers may be centrally located with the link controller 34 to provide a 
more centralized architecture. ^ 
20 [0035] While this invention has been desaibed in connection with what is presently considered to be the most prac- 
tical and preferred embodiments, it is to be understood that the invention is not fimited to the disclosed embodiments, 
but, on the contrary, is intended to cover various modifications and equivalent arrangements included within the scope 
of the appended dainris. 

25 Claims . 

1 . A method In network equipment of controlling transmissions, the method comprising: 

estafcdishing a link with a remote network node at-a prescribed data rate via a network mediumr monitoring the 
30 link by counting a detected number of symbol errors: and determining an integrity of the link based on the 

detected riun^er of symbol enors relative to a prescribed threshold. 

2. The method of cyml. wherein the nionHoring step comprises: 

35 deaementing a counter in response to detecting one of the symbol enrors; and testing the value of the counter 

following a prescribed time interval. ^ 

3. The method of claim 2, wherein the deaementing step includes halting the decrementing of the counter if the coun- 
ter has a value of zero. 

40 

4. The method of claim 2. wherein the prescribed time interval equals about one millisecond. 

5. The method of claim 1 , further comprising selecting the prescribed threshokJ from a plurality of thresholds. 

45 6. The method of claim 5. wherein the prescribed threshold conesponds to a significant bit of the detected number of 
symbol errors, the determining step including detecting a transition in the significant bit of the detected number of 
symbol errors. 

7. The method of claim 1 , further comprising supplying the prescribed threshold to the network equipment via a serial 
so interface. 

8. The method of claim 1, further comprising generating a signal indicating a problem in the integrity of the link in 
response to the detected number of symbol errors reaching the prescribed threshold. 

55 9, The method of claim 8. wherein the signal corresponds to at least one of an LED signal and an interrupt signal to 
a network management agent. 

10. The method of dam 1 . further comprising selectively redudng the data rate on the network medium to a reduced 

DbST AVAIUBLE COPY 



4 



•EP 0 939 512 A2 

data'rate in ifesptfns'e to the detected nOvfili^ bi symbtil errors'exCe^ the prescribed threslwld. 



^' 11.' the methcxJ of citainil O, wherein the morutoring step includes indremefrling an error counter in response to detec- 
* tion of each of said symbol errors, the method further connprising resetting the error counter to zero in response to 
5 the error counter reaching the prescribed threshold. 

12. The method of claim 10. wherein the selectively reducing step includes reducing the data rate in response to. the 

detected nunr^er of symboJ errors exceeding the prescribed threshold and based on an enable signal. 

. . * i 

10 1 3. A network repeater having a plurality of repeater ports, conf igured for sending and receiving data packets between 
remote r\e/tw6ik nodes via respective network media the network repeater comprising: 

' a first repeater core configured for sending and receiving data packets between a first group of the repeater 
ports according to a first data rate; 
75 a second repeater core configured for sending and receiving data packets between a second group of the 

repeater ports according to a second data rate slower than the first data rate; 

a auto-negotiation unit configured for selecting one of the first and second data rates for establishment of links 
between the repeater ports and the respective remote network nodes via the respective network media: 
a symbol error detector for detecting a number of symtx)! errors relative to a prescribed time interval on at least 
so one of the IFnks operating at the first data rate; arid 

a controller for selectively changing the at least one link from the first data rate to the second data rate based 
on the number of symbol enrors reaching a prescribed threshold. 



14. The repeater of claim 13. wherein the symbol error detector includes a counter configured for incrementing a coun- 
2S ter value in response to each of the detected symbol errors, the counter selectively deaementing the counter value 

each said prescrH^ed time interval. 

15. The repeater of claim 13, further comprising an interlace to a network managemerrt agent for receiving the pre- 
scribed threshold from a network manager, the controlla^ ou^sutting a notification signal to the network manager in 

30 ' response to the number of syrtibbi errors reachirig theprescribed threshold. 



35 



40 



45 
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